Summary
study, we provide a comprehensive assessment of the locomotor costs associated with 27 improved male-male competitive ability by simultaneously testing for locomotor trade-offs 28 and potential compensatory mechanisms in territorial male and non-territorial female geckos. 29
Fighting capacity and escape performance of male Asian house geckos (Hemidactylus 30 frenatus) are likely to pose conflicting demands on the optimum phenotype for each task. 31
Highly territorial and aggressive males may require greater investment in head size/strength 32 but such an enhancement may affect overall escape performance. Among male geckos, we 33 found that greater biting capacity due to larger head size was associated with reduced sprint 34 performance; this trade-off was further exacerbated when sprinting on an incline. Females, 35 however, showed no evidence of this trade-off on either flat or inclined surfaces. The sex 36 specificity of this trade-off suggests that the sexes differ in their optimal strategies for dealing 37 with the conflicting requirements of bite force and sprint speed. Unlike males, female H. 38 frenatus had a positive association between hind-limb lengths and head size, suggesting that 39 Introduction important to fighting ability (e.g. bite force) and locomotor performance in Asian house 116 geckos (Hemidactylus frenatus -Duméril & Bibron, 1836), and tested whether compensatory 117 mechanisms may obscure the detection of such potential locomotor costs. Hemidactylus 118 frenatus is an urban-generalist inhabiting most tropical regions worldwide and is rarely seen 119 on the ground, preferring vertical walls and roofs (Hoskin, 2011) . Importantly, this gecko is 120 also highly territorial, and males engage in intense agonistic behaviours that frequently 121 escalate into physical combat, including biting (Petren et al., 1993; Hoskin, 2011) . Larger 122 relative head sizes would likely enhance fighting ability, but may inhibit locomotor 123 performance, especially on vertical surfaces, due to increased energy expenditure against 124 gravity and associated changes in centre of mass away from the vertical substrate (Huey and 125 Hertz, 1982; Vanhooydonck and Van Damme, 1999) . Geckos use short bursts of speed to 126 capture prey, escape predators and during territorial male-male conflicts (Hoskin, 2011) . 127
Therefore, bite force and sprint speed are both ecologically important activities in this species 128 that may act in opposition. We predicted that, due to their combative nature, male geckos 129 would have larger relative head sizes than females, and this would lead to reductions in 130 and final analysis are provided within the relevant sections below (also see Table 1 ). In the 143 laboratory, geckos were individually housed in well-ventilated plastic terrariums (26 x 17 x 144 13 cm) with a newspaper substrate and a 10 x 5 cm piece of perforated black plastic piping 145 for a retreat. Terrariums were kept in a controlled temperature room at 24 ± 1.0 o C and a light 146 cycle of 12L: 12D. Heat cord (9 m/90 W) was supplied beneath each terrarium directly below 147 the retreat and was switched on between the hours of 08:00 and 16:00, which allowed 148 individuals to self-regulate body temperature. All geckos were fed a diet of calcium-dusted 149 wood cockroaches and crickets every three days, and water was misted daily. Individuals that 150 had suffered a loss of more than 10 % in body mass, autotomised their tail or suffered other 151 significant health problems during the test period were removed from statistical analyses. 152
153
Relationship between bite force and sprint speed in males and females 154
We recorded the morphometrics, maximum sprint speed and bite force of 46 male and 49 155 female H. frenatus (Test Group 1). The body mass of each gecko was measured, using an 156 electronic balance ± 0.01 g (Sartorius Excellence, GMBH, Göttingen, Germany), at both thein the data (Table 2 ). All loadings were positive, indicating that all seven morphological 174 variables increased together. This species exhibits caudal autotomy; therefore tail length is 175 not as influential as all other morphological variables (only 0.108 variation explained -see 176 Table 2 ) in PC Body . All geckos that autotomized their tails during testing were excluded from 177 analyses. We also calculated a measure of condition for each individual by calculating 178 residuals of a linear regression of log-transformed body mass by log-transformed SVL. 179
180
Maximum bite force was measured using a custom-built sensor consisting of two metal plates 181
(8 x 25 x 1 mm) separated by a larger third steel metal pivot plate (3 mm thick) with all three 182 plates permanently secured to form one unit. The smaller two plates protruded 12 mm beyond 183 the pivot plate. The top metal plate had a strain gauge (RS Electronics, Sydney, Australia) 184 attached via epoxy resin. The output from the strain gauge was connected to a custom-made 185
Wheatstone bridge linked to a bridge amplifier (AD Instruments, Sydney, Australia) (Wilson 186 et al., 2007) . The two protruding plates were covered in three layers of flesh-like tape 187 (Elastoplast, Beiersdorf) to offer a defined biting point and surface. Output from the bridge 188 amplifier was monitored via a data recording system (PowerLab, AD Instruments). A series 189 of weights ranging from 100 to 1000 g were suspended from the bite point to calibrate the 190 output. Calibrations reflected the force applied during bites to the biting point. The strain 191 gauge was calibrated daily prior to use so that the voltage output from the bridge amplifier 192 could be converted to force (N). 
Determinants of prey-capture performance 278
We recorded the morphometrics, bite performance, sprint speed and prey capture 279 performance of 50 individual male geckos (Test Group 3). To quantify prey capture ability 280
we assessed each individual's capacity (total time taken in seconds; where 0 seconds is the 281 fastest prey capturing ability and 600 seconds is the slowest) to capture live crickets (Acheta 282 domesticus) during staged feeding trials (modified from Verwaijen et al., 2002). All feeding 283 trials were conducted within a controlled temperature room set at 24 ± 1 o C and within the 284 geckos' permanent terrarium so as to reduce stress. Each gecko was fasted for three days 285 prior to testing and all substrate, excess food and waste was removed from the terrarium. To 286 exclude observer effects, each trial was filmed using a Sony handheld camera and recorded 287 for 10 min from the time of the initial introduction of the prey (130 ± 20 mg). If a gecko had 288 not captured the prey within this time they received the total time of 10 min (600 sec), the 289 cricket was removed and the trial was ended. One prey item was introduced into each 290 terrarium each day for five consecutive days. Maximum prey capture was the fastest time (0sec -600 sec) of the five trials for individual geckos. If the gecko did not capture any prey 292 during these five trials they were removed from the analysis (n=5) with the assumption that 293 they were unmotivated or too stressed. Time to capture prey was repeatable with no 294 significant difference between each trial (one-way ANOVA with Tukeys HSD post hoc 295 comparison: F 4,245 =0.80, p=0.53). 296
297

Statistical analysis 298
Statistical analyses were performed using R (version 2.11.1) unless otherwise specified. p<0.001; Fig. 2A The relationships among morphology, performance and prey capture ability were more than 376 60% likely to be best described by Model G (χ 2 = 5.2, df = 6, K = 21, AIC C = 38.6, w i = 0.60; 377 capture or predator avoidance (sprint speed). We also investigated whether any compensatory 418 mechanisms offset some of the associated reductions in performance. We found support for 419 our prediction that a trade-off exists between those traits associated with bite force and those 420 associated with locomotor performance in the Asian house gecko (Hemidactylus frenatus). 421
Males that had a greater biting capacity due to larger head sizes suffered reduced sprint 422 performances, and this trade-off was further exacerbated when sprinting on an incline. 423
Females, however, showed no evidence of this trade-off on either flat or inclined surfaces. 424
The sex specificity of this trade-off suggests that males and females may differ in their 425 optimal strategies for dealing with the conflicting requirements of bite force and sprint speed. were used for examining the relationships among morphology, performance and prey capture 561 (substituting prey capture measurements for dominance). 562 Table 1 : A summary of all details for each of the three test groups used in the study: total 712 number of males (n) and females (n), what measurements were obtained for each test group 713 and how these related to the associated aims within this study provided. For final numbers of 714 geckos used in analyses refer to specific aim sections within methods. 
Morphological
